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Abst rac t - -Many  fuzzy number ranking approaches are developed in the literature for multiat- 
tribute decision-making problems. Almost all of the existing approaches focus on quantity mea- 
surement of fuzzy numbers for ranking purpose. In this paper, we consider the ranking process to 
determine a decision-maker's preference order of fuzzy numbers. A new ranking index is proposed to 
not only take quantity measurement, but incorporate quality factor into consideration for the need 
of general decision-making problems. For measuring quantity, several a-cuts of fuzzy numbers are 
used. A signal/noise ratio is defined to evaluate quality of a fuzzy number. This ratio considers the 
middle-point and spread of each a-cut of fuzzy numbers as the signal and noise, respectively. A fuzzy 
number with the stronger signal and the weaker noise is considered better. Moreover, the associated 
a levels are treated as the degree of belief about the a-cut and used as weights in the index for 
strengthening the influence of a-cut with higher a levels. 
The membership functions of fuzzy numbers are not necessarily to be known beforehand while 
applying this index. Only a few left and right boundary values of a-cuts of fuzzy numbers are 
required. We have proved the feature of the proposed index in a particular case. Several examples 
axe also used to illustrate the feature and applicability in ranking fuzzy numbers. ~) 2002 Elsevier 
Science Ltd. All rights reserved. 
Keywords--Fuzzy numbers, Ranking methods, Signal/Noise ratio (S/N ratio). 
1. INTRODUCTION 
Ranking fuzzy numbers is important for decision-making problems in a fuzzy environment, since 
the measurements are imprecise in nature. A number of ranking methods are developed for 
this purpose. Chen et al. [1] have surveyed the existing methods and classified them into four 
categories, uch as preference relation method [2-14], fuzzy mean and spread method [15], fuzzy 
scoring method [16-22], and linguistic method [23,24]. Some researchers have also reviewed 
and compared the existing methods, such as Bortolan et al. [25], Fortemps et al. [26], Kim et 
al. [27], and Lee et al. [15]. Although most methods are developed for ranking a group of fuzzy 
numbers according to particular attributes, some limitations are embedded in these methods, 
such as lack of discrimination, producing counter-intuitive orderings, inconsistent orderings if a 
new fuzzy number is added, and high complex and cumbersome computational efforts [1,28,29[. 
In addition, for almost all methods, membership functions of fuzzy numbers hould be known 
before ranking, which may be infeasible in real applications. 
Among the existing ranking methods, a few methods are efficient, which are based on area 
measurement [8,9,11,14,22,28,30]. These methods generally determine the order of fuzzy numbers, 
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considering the concept of area difference. If one fuzzy number's area covered by its membership 
function dominates the other's area, the fuzzy number is ranked greater. Two fuzzy numbers are 
ranked equivalent, when their areas are indifferent. Most of these methods require membership 
functions for determining the area difference. For overcoming this problem, Chen et al. [28] 
proposed a ranking method based on area measurement without membership functions. However, 
some limitations exist in their method. Following the concept of area measurement, Chen et 
al. [31] recently presented an approximate approach for ranking fuzzy numbers based on left 
and right dominance. Using a few a-cuts of fuzzy numbers, their method has demonstrated the 
efficiency for the rankings. 
According to decision makers, a good decision is necessary for achieving desired targets. This 
means that the quantity of a fuzzy number is not the only consideration i  the ranking pro- 
cess for decision-making. In other words, the "quality" factor is suitably incorporated into the 
determination of the preference order of fuzzy numbers for the decision-making purpose in the 
fuzzy conditions. With regard to this idea, Lee et al. [15] have claimed that the fuzzy numbers 
with larger mean and smaller spread are ranked at higher position. This study proposes a new 
index (a comparison function) using the a-cuts of fuzzy numbers based on area measurement for 
determining the preference order of fuzzy numbers considering both quantity and quality. 
In the index, we express the quantity dominance of one fuzzy number over the other at each a 
level by their a-cuts' difference. Two elements are involved in the function for measuring the 
quality of fuzzy numbers. We first consider the middle-point and spread of each a-cut of fuzzy 
number as the signal and noise, respectively, to determine the signal/noise (S/N) ratio [32]. The 
stronger the signal and weaker the noise, greater is the value of the ratio, and the fuzzy number 
can be considered better. The relative S/N ratio of the two fuzzy numbers at each a level is 
adopted in the index. Secondly, we treat a levels as the degree of belief of the a-cut and use as 
the weights in the index for strengthening the a-cuts of fuzzy numbers at the higher a levels. 
The preference order of two fuzzy numbers is determined by aggregating the factors of quantity 
and quality of all a-cuts. 
The proposed index is described in the following section. A particular case is also approved to 
show the features of the new index, compared with the methods based on area measurements. 
We investigated the influence of two factors on the new index in determining the preference order 
of fuzzy numbers in Section 3. Section 4 presents ome comparative examples to demonstrate 
the accuracy and efficiency of the proposed index. Conclusions are finally made in Section 5. 
2. THE PROPOSED INDEX 
We consider the elements of quantity and quality of fuzzy numbers into the proposed index for 
decision-making problems in a fuzzy environment. This section describes these elements and the 
construction of the index. First, the notations and basic definitions for developing the ranking 
index are delineated in the following. 
(1) Ai: fuzzy number, i = 1, . . . ,  m. 
Dubois et al. [33] defined the concept of fuzzy number as follows. A real fuzzy number.A 
is a fuzzy subset of the real line R with membership function ]~A (X), X E R, which possesses 
the following properties: 
(a) #A(X) is a continuous function from R to a closed interval [0, w], 0 < w < 1; 
(b) #A(X) = 0, for all z E ( -co,  a]; 
(c)  A(X) 
(d) #A(X) 
(e) #A(X) 
(f) #A(X) 
where a < 
is convex, 
is strictly increasing on [a, b]; 
= w, for all x E [b, c]; 
is strictly decreasing on [c, d]; 
= 0, for all x E [d, c~), 
b < c < d are real numbers. Unless otherwise specified, it is assumed that A 
normal, and bounded, i.e., w -- 1. We adopted this definition in this study, 
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and represented the membership function of a fuzzy number as (a, b, c, d). Particularly, 
the membership function of a triangular-shape fuzzy number will have b equivalent to c. 
• Without the loss of generality, we assume that the fuzzy numbers in this study are defined 
on R +. 
(2) akAi: the k th d-cut of a fuzzy numbe r Ai, ~k = k/n, k E {0, 1,2 . . . . .  n}, n E N, where n 
is the number of a-cuts with a > 0, and is defined as a crisp interval value [34] 
~A i  = {x I UA(X) x e R+}. 
(3) li,k: the minimum value of akAi and is defined as 
l i , k=min{x lxEaA i} ,  Vak E (0,1]. 
(4) ri,k: the maximum value of ~kA~ and is defined as 
ri,k = max {x I x e aAi}, Va E (0, 1]. 
(5) mi,k: the middle-point of ~kAi and is defined as 
(ri,k q- l i,k) 
mi ,k  : 2 
(6) 3i,k: the spread of akAi and is defined as 
3i,k = ri,k -- li,k. 
(1) 
(2) 
(3) 
(4) 
(5) 
2.1. The  Quant i ty  
The quantity of a fuzzy number is the main factor considered in the existing approaches, uch 
as those based on area measurement, for ranking fuzzy numbers. This study uses a few c~-cuts of 
a fuzzy number to measure quantity, since a c~-cut can signify the fuzzy number's location on the 
X-axis at the specified a level. In fact, the summation of all a-cuts is approximately equivalent 
to the area covered by the membership function, if the number of a-cuts is infinite [28,31]. For 
the k th a-cut of fuzzy number Ai, we can specify its quantity on the X-axis as 
Ai,k(fl) = flri,k + (1 -- fl)l~,k, (6) 
where fl(E [0, 1]) is the index of optimism that reflects a decision maker's degree of optimism 
[27,29]. The large index of optimism implies that the decision maker is more optimistic, and only 
the maximum value of the cut is considered when fl = 1. On the other hand, a more pessimistic 
decision maker will take a smaller value of the index. Apparently, equation (6) is equivalent to 
the middle point mi,k, if B = 0.5. By selecting an appropriate value from the index of optimism, 
a decision maker can understand the degree of risk in quantity in ranking fuzzy numbers. 
2.2. The Signal/Noise (S/N) Rat io  
Based on the definition of a-cut, the values in the crisp interval can be statistically considered 
to be a uniform distribution at the a level due to its nature. The mean and standard eviation 
of a uniform distribution are known as (1/2) (p + q) and ~ (q - p), respectively, if the 
interval is ~v, q]. These two measures are used to acquire the information from a set of data 
values concerning the average and discrepancy, respectively. Following this concept, we can 
treat the middle-point and spread of each a-cut of fuzzy numbers as the mean and approximate 
standard eviation of the uniform distribution, respectively. This study, therefore, considers the 
middle-point and spread as the signal and noise, respectively, and defines ignal/noise (S/N) ratio 
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as ~h,k = m~,k/5~.k for the k th a-cut of fuzzy number A~, where ~,k E [0, oo). We use this ratio 
as the measure of quality in ranking fuzzy numbers. A fuzzy number with the stronger signal 
and the weaker noise for each a-cut is considered better. This ratio can reflect Lee and Li's 
suggestions that the fuzzy numbers with the larger mean and the smaller spread are considered 
better [15]. 
As a measure, the measurement of quality using S/N ratio should be suitable for distinct 
kinds of ranking problems. However, the value of the ratio is infinite when the spread is equal 
to zero. This will arise in resolving ranking problems of triangular-shape fuzzy numbers at the 
peak (a = 1) of membership function, and those involving crisp values, We therefore adjust the 
S/N ratio for a fuzzy number Ai at the k th level, ~,k, as in the following formulation: 
1 
° (7) ~h,k = 1 1 + ,t-~,k" 
Notably, ~?~,k, the S/N ratio after adjustment, is a monotone increasing function and the range 
is [0, 1]. The value of ~,k is equal to one when the corresponding spread is zero, as in situations 
mentioned above. 
Based on the above considerations, we propose acomparison i dex to aggregate he information 
of each a-cut. For comparing the qugntities of two fuzzy numbers, Ai and AS, the difference of 
their quantity measures, expressed as equation (6), for each a-cut is incorporated into the index. 
As to the quality, the ratio of q?~a,k to ~?Sa, k at each a level is included into the index in order to 
measure the relative quality of a-cuts between the two fuzzy numbers. In addition, this study 
also treats the associated a levels as the degrees of belief of the a-cuts and uses them as weights 
in this study for strengthening the influence of a-cut with higher a levels. The comparison i dex 
for two fuzzy numbers, A~ and AS, can be formulated as 
a k X [A i ,k (~)  --  A j ,k ( f~) ]  X ?~ia, k/'~ja, k 
= k=1 
n 
ak 
k=l  
(8) 
where ak = k /n ,  0 < k < n, k ,n  E N ,  and n is the number of a-cuts. For any two fuzzy numbers, 
Ai and Aj, the preference order is determined based on the following rules: 
(1) if R~j(f~) > 0, then A~ > Aj, 
(2) if R~,j(/~) = 0, then A~ = Aj, and 
(3) if P~,j(~) < 0, then Ai < Aj. 
The index is a freighted average on the basis of a levels for emphasizing the information of a-cuts 
at higher a levels. Therefore, the information of a-cut at the a = 0 level will be neglected by the 
index, since there is no evidence supporting this information. A fuzzy number with larger area 
of high quality than the other at the higher a level will be more preferred by decision-makers, 
and will have higher pre-emptive among the fuzzy numbers to be ranked. In addition, obviously 
this index is also affected by the decision-maker's degree of optimism fL The extreme values, 
0 and 1, of f~ will result in the considerations of minimum and maximum values of each a-cut, 
respectively. Particularly, it is easy to prove that the index value for the comparison of two crisp 
numbers is equivalent to the difference between them, since the adjusted S/N ratio is always one 
for a crisp value. For determining the preference order of several fuzzy numbers, we first assign 
some fuzzy number, say Aj, as the benchmark. After performing the comparison of each fuzzy 
number Ai, i = 1,.. .  ,n, i ¢ j, to Aj, the preference order can be determined. 
For determining the index value, only left and right boundary values of each a-cut are ob- 
tained in advance. If the membership functions are continuous, the two boundary values can 
be found using the inverse functions of membership functions [29]. For discrete fuzzy numbers, 
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Figure 1. A particular example with two fuzzy numbers defined as Ai = (a, b, c, d) 
and Aj  = (a,b,c + w,d  . w). 
the boundary values can be easily decided based on the definitions of a-cuts and the fuzzy num- 
bers. Moreover, even though the membership functions are unknown in some decision-making 
problems, the index value can be determined by acquiring two boundary values. Unlike in the 
existing methods, where the calculation of the area, mean, standard eviations are considered 
using an integral approach [15,26,29,35], the present method needs only two boundary values, 
thereby making the application easier and more flexible. 
For demonstrations, a particular case is exemplified to show the characteristics of the proposed 
index. Suppose that two fuzzy numbers are defined as Ai = (a, b, c, d) and Aj = (a, b, c + w, 
d - w),  0 < w < (d - c) /2,  as illustrated in Figure 1. Note that the area difference of the 
two fuzzy numbers is equivalent to the difference of two small triangular areas at the right-hand 
side membership functions. They are equivalent and symmetrical. Moreover, their right-hand 
side membership functions intersect at the a = 0.5 level. These two fuzzy numbers are ranked 
equivalent based on the existing area measurement method. However, using the proposed index, 
it can be easily proved that R~,j(;3) < 0, i.e., Ai < Aj, for ;3 ¢ 0. As an example, two fuzzy 
numbers are defined as A1 = (0, 4, 6,10) and A~ = (0, 4, 7.5, 8.5). Three kinds of degrees of 
optimism f~(= 0, 0.5,1) and several different numbers of a-cuts are used for investigating the 
orders of the two fuzzy numbers. Table 1 lists the index values of R1,2(;3). The consequences are 
consistent and indicate that a conservative decision-maker (;3 = 0) will have the same preference 
between the two fuzzy numbers. However, A2 is preferable to A1 by a neutral or optimistic 
decision-maker. As mentioned above, A2 and A1 will be ranked equivalent using the existing 
area measurement method. 
Table 1. The index values of R1,2(~) for A1 = (0,4,6, 10) and A2 = (0,4,7.5,8.5). 
f~=0. f~ = 0.5 ,B=l. 
5 .000 -0.396 -0.791 
10 .000 -0.336 -0.672 
20 .000 -0.307 -0.613 
40 .000 -0.292 -0.584 
80 .(300 -0.285 -0.569 
3. INVEST IGAT IONS OF  INFLUENTIAL  FACTORS 
For applying the proposed approach, first the index of optimum ;3 and the number of 
a-cuts have to be determined beforehand. Four particular examples cited from [20] are adopted 
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Figure 2. Fuzzy numbers with different mean but same Spread All  = (3, 6, 6, 9) and 
A12 = (5,8,8,!1). 
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Figure 3. Fuzzy numbers with same mean but different spread A21 = (3, 6, 6, 9) and 
A22 = (5, 6, 6, 7). 
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Figure 4. Fuzzy numbers with low mean, small spread versus high mean, large spread 
A31 = (5,6,6,7) and A32 = (0,7,7,8). 
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Figure 5. Fuzzy numbers with same right-hand side function A41 = (3, 6, 6, 9) and 
A42 = (5, 6, 6, 9). 
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Table 2. The index values using different/3 values and number of ¢~-cuts. 
Examples 
\ All vs. A12 A21 vs. A22 A31 vs. A32 A41 vs. A42 
n and ]3 
]3~-0. 
n----5 
= 10 
= 20 
= 40 
= 80 
] 3 = 0 . 5  
5 
10 
20 
40 
80 
]3--~1. 
n----5 
= 10 
= 20 
= 40 
= 80 
- 1.909 
--1.898 
--1.892 
--1.889 
--1.888 
- 1.909 
- 1.898 
--1.892 
--1.889 
- -  1.888 
--1.909 
-1.898 
--1.892 
--1.889 
- 1.888 
-0.419 
-0.473 
-0.499 
-0.512 
-0.519 
.000 
.000 
.000 
.000 
.000 
0.419 
0.473 
0.499 
0.512 
0.519 
1.146 
1.420 
1.556 
1.624 
1.658 
-0.056 
0.064 
0.124 
0.154 
0.169 
-1.259 
- 1.292 
-1.308 
-1.317 
-1.312 
-0.467 
-0.525 
-0.555 
-0.569 
-0.577 
-0.233 
-0.263 
-0.277 
-0.285 
-0.288 
.000 
.000 
.000 
.000 
.000 
to investigate how these two factors influence comparison index values. These examples are illus- 
t rated in Figures 2-5. Five different numbers of a-cuts (n = 5,10, 20, 40, 80) and three kinds of f~s 
(-- 0., .5, 1.) are used to signify different resolutions and decision-makers' att itudes, respectively. 
Table 2 lists the index values of the examples based on distinct resolutions and att itudes. 
The consistent consequence, A12 > An ,  is obtained in the first example. For A2x and A22, the 
outcome depends on the index of opt imum ~. The use of different f~ values, 0. or 1, will produce 
a reverse consequence, while a neutral decision-maker will treat them equivalent., since these two 
fuzzy numbers'  membership functions are symmetrical to the mean. In the third example, the 
ranking order of A31 and A32 for a pessimistic decision-maker (~ = 0.) is different from that  
for an optimistic decision-maker (~ = 1). For a neutral decision-maker, the results are different 
using different number of a-cuts. Obviously, the use of more a-cuts can achieve a more accurate 
conclusion, part icularly the quality of a fuzzy number being considered in the index. As to 
the fourth example, the same conclusions are reached when 13 = 0. or .5, while an optimistic 
decision-maker would have the same preference between the two fuzzy numbers. 
According to the above consequences, they are satisfactory for general decision-makers' intu- 
itions. For further investigating the proposed index, a total of 16 index values are calculated 
based on 16 different numbers of a-cuts (n = 5,10, 15 . . . . .  80) in each example under the three f~ 
values. A hypothesis testing is performed to test the mean of the 16 index values in taking on 
the specific index value at n = 20 in each example. It is concluded that the hypothesis cannot 
be rejected for all conditions. In other words, the number of a-cuts is not significant o final 
order. However , too small a number of a-cuts will not be enough, when incorporating the quality 
of fuzzy number into the ranking process. In addition, from the above examples, the degree of 
opt imism from a decision-maker actually has close correlation with the order. 
4. SOME ILLUSTRATIVE EXAMPLES 
In order to demonstrate the characteristics of the proposed index, three similar examples 
adopted from the relevant l iterature are used in the following. We use ten a-cuts, i.e., n -- 10, 
while applying the proposed index in this section. 
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Figure 6. Fuzzy numbers B1 = (94/35, 46/7, 46/7, 10) and B2 = (2, 7, 7, 9). 
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Figure 7. Fuzzy numbers C1 = (0•35,0•5,0.5, 1.0) mad C2 = (0.15,0.7,0.7,0.8). 
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Figure 8. Fuzzy numbers D1 = (0.2, 0.5, 0.5, 0.8), D2 = (0.3, 0.4, 0.4, 0.9). 
EXAMPLE 1. Two triangular fuzzy numbers cited from [16], B1 = (94/35,46/7,46/7, 10) and 
B2 = (2, 7, 7, 9), are illustrated in Figure 6. By using the proposed index, the resulting values 
obtained are R1,2(~) = -0.092,-0.045,0.002 at /3 = .0, 0.5,1, respectively. The conclusion is 
B1 < B2 when /3 = .0 or 0.5, while B1 is slightly more than B2 when the decision-maker is
optimistic. This is not in agreement with the result, B1 =/32, obtained by the approaches using 
area measurement [22,29,31]. 
EXAMPLE 2. Using the example from [25], two triangular fuzzy numbers, C1 = (0.35, 0.5, 0.5, 1.0) 
and C2 = (0.15,0.7,0.7,0.8), are illustrated in Figure 7. These two fuzzy numbers are ranked 
equivalent based on area measurement. However, using the proposed index, the resulting index 
values are R1,2(/3) = -0 .077, -0 .077, -0 .077 at /3 = .0,0.5, 1, respectively• The consequence 
of C1 < C2 is obtained. 
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EXAMPLE 3. Adopted from [30], D1 = (0.2,0.5,0.5,0.8), D2 = (0.3,0.4,0.4,0.9) are shown as 
in Figure 8, and ranked equivalent by area measurement approaches. However, we have the 
consequence, DI > D2, by the proposed index. 
Besides the previous examples, three distinct types of fuzzy numbers are also exemplified in 
order to demonstrate the feasibility and practicability of the proposed index in this section. 
Example 4 deals with the comparison of two discrete fuzzy numbers. Example 5 ranks the 
sequence of a pure number and two fuzzy numbers. Finally, multiple fuzzy numbers are ranked 
in the sixth example. 
EXAMPLE 4. Two discrete fuzzy numbers, cited from [1], are defined as 
1.0 .75 .5 .25 .5 1.0 .5 
,~, = T + T +-6- +T;  ~2 =7 + T +~ -
In this case, R1,2(f0 = -0.684, -0.563, and -0.441 at/~ = 0,0.5,1, respectively. Then, E1 < E2. 
This conclusion is also in agreement with Chen and Hwang's result using Mabuchi's approach [10]. 
This example demonstrates that the proposed approach can effectively handle ordering discrete 
fuzzy numbers. 
EXAMPLE 5. This example considers two fuzzy numbers, F1 = (.1, .3, .3, .8) and F2 = (.4, .5, 
.5, .6), and a crisp number F3 = 1, which is also cited from [1], as shown in Figure 9. Using F1 
as the benchmark, the index values can be determined for F3 vs. F1 and F2 vs. F1, namely, 
R3,x(/~) = 1.209, 1.009, and 0.809, R2,1(~) = .322,.204, and .086 at/~ = 0,0.5, 1, respectively. 
This means that F1 < F2 < F3, irrespective of what/7 value is. This conclusion also coincides 
with human intuition as suggested by Chen and Hwang. 
1 
0.8 
0.6 
0.4 
0.2 
0 I 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
F3 
I 
1 1.1 
Figure 9. Fuzzy numbers F1 = ( .1 ,  .3, .3, .8), F2 = (.4, .5, .5, .6), and F3 = 1. 
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"I / "I",.- 1 i l 
' ' i  "'\ ', 7 --i".,l ..' / .'.., 
," ~ I ,  ~ t I 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
\1 I 
0.9 1 
Figure 10. The membership function of five fuzzy numbers. 
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EXAMPLE 6. Five fuzzy numbers, defined as G1 ~- (.6,.7,.7,.8), G2 -- (.4,.5,.6,.7), G3 = 
(.2, .5, .5, .8), G4 = (.3, .4, .4, .9), and G5 = (.1, .2, .2, .3), adopted from [30], are considered and 
their membership functions are illustrated in Figure 10. Suppose that G5 is selected as the 
benchmark in this example, the obtained outcome is listed in Table 3. From the table, we can 
determine the preference order of G1 > G2 > G3 > G4 > Gs. Notably, four comparisons are 
required in this example. 
Table 3. The index values of Example 6. 
Comparisons 
\ G4 vs. G5 G3 vs. G5 G2 vs. G5 G1 vs. G5 
~3 = 0. 0.191 0.232 0.300 0.594 
/~ -- 0.5 0.248 0.288 0.350 0.594 
/~ --- 1. 0.305 0.345 0.400 0.594 
5. CONCLUSIONS 
Ranking fuzzy numbers is an important process for a multiattribute decision-making problem 
in a fuzzy environment. The ranking process leads to determine a decision-maker's preference 
order of fuzzy numbers. This study develops an aggregation i dex for determining the preference 
order of fuzzy numbers. The index considers not only quantity of a fuzzy number as the general 
area measurement approach, but also quality in decision-making. Similar to area measurement, 
several a-cuts of fuzzy numbers to be ranked are used to measure their difference of quantity on 
the X-axis, after considering a decision-maker's degree of optimism. For evaluating quality, the 
middle-point and spread of each c~-cut of fuzzy numbers are considered as the signal and noise, 
respectively, to determine the S/N ratio. We treat a levels as weight in the index. A comparison 
function is then defined. 
Four examples cited from [20] are used to investigate the influence of two factors on the index. 
While the number of a-cuts is not so significant, the determination of decision-maker's degree 
of optimism could affect the final preference order. Moreover, we have proved the feature of 
the proposed approach by a particular case, in which the two fuzzy numbers are ranked equally 
by area measurement. However, a decision-maker can have a different preference between them 
while considering their quality. Some similar examples are adopted from the existing publications 
to demonstrate the characteristics of the proposed approach. 
Besides the above examples, the ranking orders of fuzzy numbers in some typical examples are 
also determined satisfactorily by the proposed approach. The advantages of using the proposed 
index are many. Almost all the existing approaches focus on the quantity measurement of fuzzy 
numbers. In addition to quantity factor, our approach also incorporates quality factor into a 
ranking process for general decision-making problems. The ranking process is simple and efficient 
for the calculation and comparison. Unlike integral approach [29,35] or area measurements [28,30], 
the membership functions are not necessarily to be known in advance, only several a-cuts are 
needed for obtaining the index value in the proposed approach. This makes the application of 
the proposed index more effective. 
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